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During the last six years from 1 to 17 samples of bottled waters 
from each of 110 American springs and from 57 sources in foreign 
countries have been examined in the Bacteriological Laboratory of 
the Bureau of Chemistry... A comparative study of the results 
obtained should, therefore, contribute toward the formation of an 
opinion as to the freedom from contamination which we have a right 
to expect and to demand in the case of this product. These bacterio- 
logical analyses have been brought together and tabulated; and the 
results of this study have been considered to determine whether the 
standard adopted by the United States Public Health Service? for 
water on trains could be fairly applied to bottled waters, or whether 
some other standard would be more just. 

A questionnaire was also sent out to a number of bacteriologists 
who have been associated with sanitary and allied problems. This 
questionnaire was arranged primarily to learn the attitude of a 
widely distributed group of workers in regard to bacterial tolerance 
in bottled waters. Of the 49 correspondents who have replied, 8 
had not worked upon water sufficiently to feel competent to express 
any opinion. The remaining 41 replies are summarized as follows: 
Hight (19.8 per cent) stated that to them the term ‘‘bottled water’”’ 
imphed an unwritten guaranty of absolute purity;’’ five (12.1 per 
_ 1Examinations were made by various members of the Bacteriological Laboratory, including Dr. Geo. W. 
Stiles, Minnie Jenkins, Carleton Bates, Ruth C. Greathouse, and the author. 

The author wishes to acknowledge the valuable assistance rendered by Dr. Charles Thom in the prepa- 


ration of this paper. 
2U.S. Public Health Reports, 1914, p. 2959. (Not more than one out of five 10 cc portions shall show gas.) 
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cent) desired no rigid standard; only one desired a standard of no 
B. coli in. 10 ce quantities; thirty-five (85.4 per cent) desired to apply 
the Hygienic Laboratory standard or one more rigid; eight (19.8 per 
cent) would tolerate no B. coli in bottled waters; one of the five bac- 
teriologists desiring no rigid standard considered water to be suspi- 
cious if three 10 cc portions show B. coli. 

We have a right to demand that bottled water shall first of all be 
clean. Whatever other qualities it may claim or offer are secondary 
to cleanliness. In a study, therefore, of the bacteria found, we have 
a right to consider them not only as possible evidences of danger to 


health but as indices of conditions in the bottling room for which ~ 


the operator is clearly responsible. 
SIGNIFICANCE OF BACTERIA IN POTABLE WATERS. 


It is understood that natural waters may contain bacteria which 
multiply in the presence of very small amounts of organic matter. 
Bacteriologists who have worked with distilled water are familiar 
with the micrococci which multiply rapidly therein when the per- 
centage of organic material is extremely low. The presence, there- 
fore, of a large number of organisms in waters which have been 
bottled for several days or weeks has little significance unless the 
characters of these organisms are more or less definitely known. 

The presence of B. coli in large numbers in waters is universally 
considered as an indication of the possible presence of its dangerous 
associates. The conditions under which waters are bottled and 
held and the mineral substances present may, in some cases, exert 
influences upon the multiplication of B. coli differmg slightly from 
the effect of surface or well waters in nature. Preliminary studies 
in this laboratory indicate an immediate decrease instead of any 
possible increase of B. coli in freshly moculated bottles of certain 
spring waters.t Houston? found that B. coli disappeared in stored 
water from the River Lea. Dunham® observed that distilled water 
enriched with either hay infusion or nutrient broth (1 cc in 1 ter) 
and inoculated with over 20,000 B. coli showed a marked reduction 
of the total number of B. coli at the end of 24hours. He also reported 
that sterile water inoculated with pollution from ordinary soil does 
not show an appreciable number of B. colt. 

It may, therefore, be assumed that bottled waters in which B. colt 
are found in appreciable numbers contained approximately all of 
those B. coli (if not more) when they left the springs or bottling 

1 Browne, W. W. (Jour. Infect. Dis., v. 17, No. 1, 1915, pp. 72-78) finds multiplication of B. coli in stored 
water, but an analysis of his experiments shows that the water used was so enriched as to be no longer 
comparable to stored spring waters. 

2 Houston, Reports on Research Work, Metropolitan Water Board, London, 1907. 


3 Dunham, E. K., Value of bacteriological examination of water from a sanitary point of view, Jour. 
Amer. Chem. Soc., v. 19, No. 8, 1897, p. 591. 
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houses. It is reasonable also to assume that when people pay 
_ from 2 cents to $30 per gallon for bottled water they expect to ob- 
tain a pure, or at least asafe water. Whipple‘ has defined a“ pure”’ 
water as one which is “‘free from bacteria or other organisms which 
are liable to cause disease, and also free from B. coli.”’ 


INSPECTION OF SPRINGS. 


The ultimate test of the fitness of a particular water for sale lies in 
its condition at the spring. When contaminations are found in the 
bottled article, the determination of responsibility for the condition 
found calls for imspection at every stage of its handling. Such 
inspections of springs have been made from time to time, usually 
resulting in locating the source of trouble. The results of the 
inspection of three springs are included in Tables I, II, and III. 
These illustrate certain typical sources of pollution. In spring No. 
1, insufficient coverings over the spring evidently permitted the 
entrance of a rotten lemon or orange, containing the mold Penicillium 
italicum, a short time previous to the collection of these samples. 
This mold can not exist long in water, and is practically never found 
except on decaying citrus fruits. The actual inspection of this 
spring and statements by the people of the vicinity disclosed the 
fact that freshets would cause the water in the creek flowing past 
to back through a swimming pool and into the sprmg. Inadequate 
care was also apparent in the method of cleaning and rinsing the 
bottles before they were filled. These bottles, as were those used 
at spring No. 3, were rinsed with polluted water just before filling. 
(See Table III.) The water in spring No. 2 was undoubtedly grossly 
polluted at times from the creek which flowed past. A culture of 
B. paratyphosus B was obtained from a shipment of bottled water 
from this spring four months prior to the inspection. 

It is not always possible, however, to locate the source of contami- 
nation at the spring even by several inspections. One such spring 
is still under observation. This spring is on high land well removed 
from farm buildings and large streams of surface water. Its water 
is highly mineralized and at its source contains B. colt in 1 ce or 
0.1 cc quantities. It is said that the water is boiled and the bottles 
sterilized before the bottling; yet 88 out of 96 bottles purchased at 
retail stores have been found to contain B. coli in 10 ce quantities, 
and 64 out of 96 in 1 cc quantities. The B. coli found were identified 
in all instances as belonging to the communis and communior groups. 
Evidently the survey has been incomplete in some essential point. 

Naturally carbonated waters occasionally contain large numbers 
of organisms. In general, however, artificially carbonated waters 


1 Whipple, Geo. C., Value of pure and wholesome water, Biol. studies of the pupils of W. T. Sedgwick, 
June, 1906. 
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were found to contain no B. colt nn 10 ce quantities and very low 
total counts at both temperatures of incubation. The total counts 
very seldom were above 50 per cc, and often were less than 10 per ee. 

In certain instances legal actions have been brought against com- 
panies preparing and selling bottled waters when the waters examined 
have contained an excessive number of organisms, including B. coli. 
These companies having been thus impressed with the necessity of pro- 
ducing a clean commercial product have responded by placing on the 
market later consignments from which no B. coli were isolated in 10 ce 
quantities from 12 or more bottles. Repeated examinations of water 
from many springs have failed to show any B. coli in 10 ce quantities. 


EXAMINATION OF COMMERCIAL BOTTLED WATERS. 


The methods employed in making these bacterial examinations 
were those prescribed from year to year by the committee on water 
analysis of the American Public Health Association. The high- 
temperature counts have always been made on plain agar after 
incubation at 37° C.; but the earlier low-temperature incubations 
were made on agar at 25° C., instead of on gelatin at 20° C., as 
during the last two years. Dextrose broth, lactose bile, and lactose 
broth have been used at different times for the preliminary tests for 
B. coli; but in nearly every instance, when reported present, B. coli 
have been isolated. Many of these have been verified by testing — 
special dextrose cultures with methyl red, as recommended by Clark ~ 
and Lubs.t. A summary of all these examinations follows: ; q 

Of 110 domestic springs (see Table IV)— 

47 (43 per cent) contained no B. coli in 10 ce quantities. 
63 (57 per cent) contained B. coli in 10 ce quantities. 

61 (55 per cent) contained B. coli in 5 ce quantities. 

59 (53 per cent) contained B. coli in 1 cc quantities.? 

49 (44 per cent) contained B. coli in 0.1 ce quantities. 
31 (28 per cent) contained B. coli in 0.01 ce quantities. 
10 (9 per cent) contained B. coli in 0.001 ce quantities.? 

Sixty-nine (62 per cent) gave counts of less than 100 per ce on one 
or more bottles after incubation at 37° C. for two days.. 

Eighteen (16 per cent) gave average counts of less than 100 per cc 
on six or more bottles at 37° C. 

Fourteen (12 per cent) gave no counts of less than 1,000 per ec on 
six or more individual bottles. 

The highest average count on all samples from any one spring 
was 191,238. 


1 Clark and Lubs, The differentiation of bacteria of the Colon-aerogenes family by the use of indicators 


Jour. Infect. Dis., v. 17, No. 1, 1915, p. 160. 
2 Any potable water supply containing B. coli in 1 ce quantities is considered suspicious by health 
departments and is at once investigated. 


’ Water containing B. coli in 0.001 ce quantities is too suggestive of dilute sewage to be accepted by 
anyone. 
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Of 57 foreign springs (see Table V)— 


29 (51 per cent) contained no B. coli in 10 cc quantities. 
28 (49 per cent) contained B. coli in 10 cc quantities. 
25 (45 per cent) contained B. coli in 5 ce quantities. 
21 (37 per cent) contained B. coli in 1 cc quantities.! 
16 (28 per cent) contained B. coli in 0.1 ce quantities. 
8 (14 per cent) contained B. coli in 0.01 ce quantities. 
2 (3 per cent) contained B. coli in 0.001 ce quantities.? 


Forty (70 per cent) gave counts of less than 100 on one or more 
bottles after incubation for two days at 37° C. 

Twenty-five (44 per cent) gave average counts of less than 100 
per ce at 37° C. 

The highest count shown at 37° C. was 37,000 per cc. This sample 
gave an average count of 16,000 per cc, and B. coli were found in one- 
third of the bottles examined in 5 cc quantities. 

Two imported waters bearing on their labels the words “ bacterio- 
logically pure”’ gave the following results: 

Sample No. 1; six bottles examined— 


Lowest number of organisms per cc developing on gelatin at 20° C...... 700 
Average number of organisms per cc developing on gelatin at 20° C..... 2, 450 
Lowest number or organisms per cc developing on agar at 37° C........ 300 
Average number of organisms per cc developing on agar at 37° C.....-. 1, 250 


4 bottles contained B. coli in 10 cc quantities. 
4 bottles contained B. coli in 5 ce quantities. 
4 bottles contained B. coli in 1 cc quantities. 
2 bottles contained B. coli in 0.1 ce quantities. 


Sample No. 2; seven bottles examined— 


Lowest number of organisms per cc developing on gelatin at 20° C...... 120 
Average number of organisms per ce developing on gelatin at 20° C..-.-. 9, 410 
Lowest number of organisms per cc developing on agar at 37° C.......- : 40 
Average. number of organisms per cc developing on agar at 37° C......- 482 


6 bottles contained B. coli in 10 ce quantities. 

5 bottles contained B. coli in 5 cc. quantities. 

5 bottles contained B. coli in 1 cc quantities. 

5 bottles contained B. coli in 0.1 cc quantities. 
3- bottles contained B. coli in 0.01 ce quantities. 


Among the organisms which have been isolated from the above 
samples are: B. coli, B. cloace, B. mycoides, B. paratyphosus B, B. 
aerogenes, B. aurantiacus, M. citreus, B. maritimum, B. ovale, B. pro- 
digiosus, B. fluorescens liquefaciens, B. fluorescens non-liquefaciens, 


_B. subtilis, and long-chain streptococci. 


Molds of the genera Trichoderma, Penicillium, Cladosporium, 
Citromyces, Fusarium, Actinomyces, and Sporotrichum were identi- 


1 Any potable water supply containing B. coli in1 cc quantities is considered suspicious by health 
departments and is at once investigated. 

2 Water containing B. coli in 0.001 cc quantities is too suggestive of dilute sewage to be accepted by 
anyone. 
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fied. Without attaching too much significance to the occurrence 
of any of these forms, it may be remarked that Actinomyces and 
Sporotrichum are both large ill-defined groups, some of whose mem- 
bers are pathogenic to man as well as to other animals. A large num- 
ber of spores of a species of Actinomyces culturally resembling the 
pathogenic form were found in one imported water. Similarly, 
Sporotrichum in large numbers was found in another water as taken 
in the market and as taken directly from the spring three months 
later. While proving nothing, such observations do not add to the 
attractiveness of such waters. The other genera listed are regularly 
found in soil and in decaying vegetable matter. Sufficient to say, 
they are not indicative of cleanliness. 


CONCLUSIONS. 


Bottled water for table use should either be actually sterile or should 
comply with a strict standard as to the number of B. coli tolerated. 

No water should be permitted to be sold which is contaminated at 
the source in any manner. 

Inspection of springs and bottling establishments together with 
the analysis of official samples indicates that ignorance of proper 
precautions, carelessness, and neglect, are fully as large factors in the 
contaminations found as are impurities actually present in the springs. 

The numbers of B. coli in official samples collected in the market 
may be safely assumed to be less rather than greater than the num- 
bers in the freshly bottled stock. 

The data as summarized show the need of improvement in the 
bacteriological condition of many of the brands of bottled water to 
be found in the market. Careful consideration of cases to which spe- 
cial study has been given shows that there are some springs used for 
the production of commercial bottled waters which should not be so 
used. It is evident that the presence of serious and unremovable 
contamination should shut the water of a spring permanently from 
the market. Such contamination could easily be ascertained before 
a water business is established. In other cases, the contaminations 
found are clearly those of manipulation. Before a person undertakes 
to operate a water business he should be prepared both in equip- 
ment and in operating knowledge to turn out a product free from 
contamination. This is demonstrated to be commercially possible, 
without burdensome restrictions, by the number of firms already mar- 
keting water free from contamination. It 1s equally evident in the 
ability of other firms to produce clean water after the need of doing 
so has been emphasized by court action. 


1 Tdentifications were made by Dr. Charles Thom, of the Bureau of Chemistry. 
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The results clearly show that bottled waters can be made to con- 
form to the requirements of the United States Public Health Service 
for drinking water furnished upon trains; that is, that not more than 
one 10 cc sample out of five should show the presence of B. coli. 


TABULATED DATA. 


TasLE I.—Results of the bacteriological examination of water collected from spring No. 1. 


Colonies of organisms per cc de- | Smallest quantity in which 


veloping after— were found— 
| 4 days’ incubation on 
Description of sample. Agassi | pene gelatin at B. coli. | 
cubation | i | 
on nutrient | Molds. 
agar at u 
372.6. Totals | seiqucti see ays 
coat mre of collec- | after col- | 
; tion. lection. 
“Clean” bottle rinsed with 100 cc ster- ce. ce. hehe’ 
iIkd Wye | poooe bas aooeGuLooOESOOo0 oS 1,000,090 | 1,400,000 17, 000 0.1 QUOT THER ary 2 
11) (ree es tre eran ieralSieleicic/e'siaters $00, 000 540, 000 800 oil ADC Vesa [Meat pe ati 
“Dirty” bottle rinsed with 100 ce ster- | 
IO WUD? oS udoekodoudauscaeedaaoeaose 700,000 | 1,100,000 | 120,000 -O1 AOS a eye so os 
IDO scodcosoucbaods<ouoegoouDEGdnor 1,000,000 | 1,400,000 59, 000 -OL OO Ne |e ee 
16 caps rinsed with 70 cc sterile water. . 4, 800 700 18 1.0 Gal), Wiese een. 
Water used for washing and rinsing | 
DOR ES c seo e ae RHO GRO eBadaaoepaEor 790, 000 400, 000 18, 000 ol OLE [ese 
IDOsyscsnsasdouocaveaseqsssoduasone 840,000 | 1,000,000 90, 000 gil Sts 3 |e: 
| Water from bottling spring......-.---- 3,000 48, 000 1,000 (2) (1) 0.001 
1D Oicinn sgo506 akoasbanonone soaeasese 4, 500 38, 000 1,600 (1) (1) 001 
| Water from creek 100 feet from bot- 
| (ting Gomes sedeahos cgendcoseenacr 410,000 900, 000 10,000 OL AOU Sodudoaaes 
Water from swimming pool, after use 
iD PHWCO ND. sok esdesooceseasdecoccoliee sesoedssod 6 odeoeds pec beeccdecoe SOUS aly cvastcre thc eee 
Water from swimming pool, after use 
lon? WIAD WOOO 6.4sceongsSscoacodEEaos|andadecnsces|poosecarooc |lssecHooode ROOM eee oles leon ceases 
12 bottles collected after inspection; 
average results..........------------ | 126, 000 152, 400 5, 150 2uQOU8|iek seen ce 001 


1 No B. coli were present in 10 cc quantities. 
2 This determination was made at the time the sample was received at the laboratory. 


TaBLE 1].—Results of the bacteriological examination of water collected from spring No. 2. 


Colonies of organisms per cc de- | Smallest quantity in which 


veloping after— were found— 
4 days’ incubation on 
Description of sample. Stasi Hie ee gelatin at B. coli. 
cubation va) 
on nutrient |- = Molds. 
agar at is 
° : At time | 2 days 
BS Os ine piduen: of collec- | after col- 
i : tion. lection. 
“Clean” bottle rinsed with 100 cc ster- aces cc. ce. 

TS Weis 66 Soccagdecdossoanunaseaoos 280, 000 800, 000 800 | 0.1 Ta Qteceu| eae ene 
; D@ssceccousus sa55cbnp Sone ee Denese 300, 000 500, 000 33, 000 10 1.0 0.001 
| 12capsrinsed with 100 cc sterile water. - 870 1,100 100 5.0 Bel Op. || eae 
| Water from bottling spring.........--- 137,000 110, 000 2, 000 1.0 Be gta Wee tee 
i Oo erat coc c a oe ee 117,000 85, 000 1,100 1.0 Pr aan Mera as 

'_ Water from creek 5 feet from bottling 
CORTNE J eaesonoas So eooceS eee EoooS 310, 000 (Ea eu eee . 001 {00012 | eeeeeee 
gue er Mer Ne ee... cinine 297, 000 ee we. ae 001 “OOO | aac aaeeeeee 

10 bottles collected after inspection; 
CI AC OOS GS erin cts ain =< cle en 2, 220 2, 262 98 DAT GeA| Sea uA ales (Ie pe a 


1 Liquefied. _ 2 This determination was made at the time the sample was received at the laboratory. 
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TaBLe II].—Results of the bacteriological examination of water collected from spring No. 3. 


Colonies of organisms per cc de- | Smallest quantity in which 
veloping after— were found— 


| 
| 4 days’ incubation on 


Description of sample. 2 days’ in- | eee gelatin at B- coli. 
cubation | 
on nutrient a5 7 Re ae lds: 
agarat | 
OG = At time | 2 days 
: ar Gs | oer eae of collec- | after col- 
wise Sika A ae : tion. | lection. 
*‘Clean”’ bottlerinsed with 100 cc ster- ce. ce. cc. 
He Walene eee eee Stee ec eit 2,700 3, 700 110. 1.0 ib. 0% ||: eae 
“Dirty” bottle rinsed with 100 ce ster- | 
Ue wateronc 355 ake sos eee oe 37, 000 40,000 3, 300 -O1 LOLs o 5c eee 
Water used for washing and rinsing 
Routes Ses UR ie eas Aye oe as 1,000 2,100 30 1 < he 
Deeps so ao ee oe eee ea 1, 700 1, 500 40 1 pi ee fee 
Water from bottling spring............| — 14 4 0 (@) Qe. cee 
aL Si Gn setae Tie TS Pa 8 3 0 () @) sao ae 
Water! from receiving tank from spring. 330 290 190 10.0 1030: oss 22m 
1D ROVE Soe SU AE 7 Sa a ate a in | 110 170 60 10.0 1020). | Ee eee 
Water from feeding tank for bottling. .' 170 3, 100 0 1.0 5.0/5 esse 
6 bottles collected before inspection; | 
AVeCTAgZe RGSUIES Beas see ee ee 10, 100 33, 500 313 200 lee eee 


1 No B. coli were present in 10 ce quantities. 
2 This determination was made at the time the sample was received at the laboratory. 
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PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE RELATING TO 
BACTERIOLOGICAL STUDIES. 


AVAILABLE FOR FREE DISTRIBUTION. 


Bacteriological Study of Retail Ice Cream. (Department Bulletin 303.) 

Bacteriological Studies of Soils of Truckee-Carson Irrigation Project. (Bureau of 
Plant Industry Bulletin 211.) 

Bacteria in Milk. (#armers’ Bulletin 490.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS. 


Relation of Bacteria to Flavors of Cheddar Cheese. (Bureau of Animal Industry 
Bulletin 62.) Price, 5 cents. 

Bacteria of Pasteurized and Unpasteurized Milk Under Laboratory Conditions. 
(Bureau of Animal Industry Bulletin 73.) Price, 5 cents. 

Bacteriology of Commercially Pasteurized and Raw Market Milk. (Bureau of Animal 
Industry Bulletin 126.) Price, 15 cents. 

Bacteriology of Cheddar Cheese. (Bureau of Animal Industry Bulletin 150.) Price, 
10 cents. 

Methods of Classifying Lactic-Acid Bacteria. (Bureau of Animal Industry Bulletin 
154.) Price, 5 cents. 

Study of Bacteria which Survive Pasteurization. (Bureau of Animal Industry 
Bulletin 161.) Price, 10 cents. 

Bacillus Necrophorus and Its Economic Importance. (Bureau of Animal Industry 
Circular 91.) Price, 5 cents. 

Review of Investigations in Soil Bacteriology. (Office of Experiment Stations 
Bulletin 194.) Price, 15 cents. 

Effect of Copper upon Water Bacteria. (Bureau of Plant Industry Bulletin 100, 
Part VII.) Price, 5 cents. 

Miscellaneous Papers: Testing Cultures of Nodule-forming Bacteria. (Jn Bureau of 
Plant Industry Circular 120.) Price, 5 cents. 
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